Blood viscosity, haematocrit and plasma protein concentrations were determined simultaneously in five different vessels of the systemic and pulmonary circulations, before and immediately after cardiopulmonary bypass and again after surgery. There was a reduction in all these measurements after bypass and a lesser reduction one day after operation. At any one stage, however, values in the pulmonary artery and pulmonary vein were not significantly different from those in the superior vena cava, radial artery and a peripheral vein.
Blood viscosity, haematocrit and plasma protein concentrations were determined simultaneously in five different vessels of the systemic and pulmonary circulations, before and immediately after cardiopulmonary bypass and again after surgery. There was a reduction in all these measurements after bypass and a lesser reduction one day after operation. At any one stage, however, values in the pulmonary artery and pulmonary vein were not significantly different from those in the superior vena cava, radial artery and a peripheral vein.
It has been claimed that the viscosity of venous blood should be greater than that of arterial blood (Wintrobe, 1967) . Further, it has been shown that haematocrit, an important factor affecting blood viscosity, varies in different parts of the circulation (Whitmore, 1967) . To the best of our knowledge no studies have yet been made in man in which the viscosity of blood was determined simultaneously in different parts of the pulmonary and systemic circulations. The purpose of this study was to compare the viscosity, haematocrit and plasma protein concentrations of blood drawn at the same time from arteries and veins in the pulmonary and systemic circulations during open heart surgery. Such operations make it possible to determine values in the different blood vessels at more than one haematocrit level because of the induced haemodilution during cardiopulmonary bypass.
MATERIAL AND METHODS
Twelve patients (table I) aged 9-62 years (average 31 years) were examined before and after cardiopulmonary bypass for blood viscosity, haematocrit and albumin and globulin concentrations in the plasma.
Anaesthesia was induced with a sleep dose of thiopentone sodium 2.5% and the trachea was intubated under suxamethonium relaxation. This was followed by the administration of nitrous oxide in oxygen and respiration was controlled using a long- acting muscle relaxant (tubocurarine), supplemented where necessary with halothane 0.5%. Cardiopulmonary bypass was carried out under mild hypothermia (30-32 °C) utilizing the Rygg-Kyvsgaard (Polystan, Denmark) bubble oxygenator. Haemodilution (30-35%) was achieved by priming the heart-lung machine with equal amounts of lactated Ringer's solution and either 10% Rheomacrodex or 6% Macrodex in normal saline, and Tris buffer and whole blood as required. Blood samples were drawn from the pulmonary artery and pulmonary vein at the same time as from the radial artery and the superior vena cava in all patients just before and immediately after bypass. Blood from a peripheral vein (median cubital or cephalic) was also examined in 6 of the 12 patients. In addition, at 1 day after operation, samples were taken from the radial artery and superior vena cava in 8 patients. Dried heparin (5 units/ml) was the anticoagulant used. Blood viscosity was measured at 37° C in a coneplate micro viscometer (Brookfield LVT; 6) at the following five shear rates: 230, 115, 46, 23 and 11.5 inverse seconds. Haematocrit was measured in an Adams Autocrit centrifuge at 12,000 g for 5 min. Plasma proteins were measured by the standard Biuret method. (Fibrinogen could not be estimated because of the use of heparin during bypass.) Blood gases (Po 2 and Pco 2 ) and pH were examined in the radial artery samples.
RESULTS
Before cardiopulmonary bypass there were no significant changes in the viscosity, haematocrit or in the plasma protein concentrations or ratios of blood drawn from the radial artery, superior vena cava, pulmonary artery or pulmonary vein in any of the 12 patients (table II) . Nor were there any significant changes in these values in the 6 patients in whom blood from a peripheral vein was also examined (table III) .
After bypass, blood viscosity was reduced in all the blood vessels sampled, consistent with the degree of haemodilution. Again, no significant differences were observed when aliquots from the various compartments were compared with each other (tables II and III). Hamatocrit and plasma protein concentrations (table IV) were reduced equally.
On the first day after operation superior vena cava and radial artery blood showed no significant change in any of the three measurements though values showed a tendency to return to pre-bypass levels (table V; figs. 1, 2, 3).
Arterial pH was alkalotic both before and after bypass (range 7.43-7.61). This alkalosis was primarily the result of increased alveolar ventilation. (Pa C o 2 ranged between 19 and 39 mm Hg). Arterial Po, was greater than 80 mm Hg at each sampling except for one in which a value of 51 mm Hg was recorded. *tNo significant differences (P = 0.05) were found between the various blood vessels, both in the average of the five shear rates and when each shear rate was considered separately. JNo significant changes were found between the different blood vessels.
DISCUSSION
The investigation of blood viscosity has come to be accepted as an important clinical tool in the assessment of circulation through the small blood vessels (Schenk et al., 1964; Whitmore, 1967) , and of the effect of various agents on the peripheral circulation (Aronson, Magora and Schenkar, 1971; Lim et al., 1969; Reemtsma and Creech, 1962) . In these studies and in those made for standardizing blood viscosity in humans (Wells and Merrill, 1962) , blood samples were usually drawn from a peripheral vein. It is well known, however, that in shock or in other causes of peripheral vasoconstriction, it may be technically difficult to draw blood from a peripheral vein without the use of a tourniquet, the use of which is known to alter haematocrit (Mollison, 1967) . In addition, Wintrobe (1967) claimed that the viscosity of blood in veins should be greater than that in arteries. Thus blood sampled from an already available arterial line might not be considered comparable with controls drawn from a peripheral vein. The results of our study indicate, however, that there is no significant difference in the viscosity, haematocrit or plasma protein concentrations of blood taken from either a large artery or a large vein, whether located centrally or peripherally. Furthermore, no differences were observed in these values when blood from the pulmonary and systemic circulations were compared before or after the haemodilution associated with cardiopulmonary bypass.
It is known that pulmonary vascular resistance is increased in the period following cardiopulmonary bypass (Yong et al., 1965) . It is quite clear from our study that this increase in resistance cannot be attributed to any increase in blood viscosity. On the contrary, viscosity in the pulmonary vasculature actually decreases after the cessation of bypass haemodilution. This effect is still maintained, though to a lesser degree, 24 hours after operation. Increased pulmonary vascular resistance must therefore be attributed to other factors, probably to alterations in vascular tone.
It must be stressed that these viscosity examinations were made in the laboratory and so might not truly reflect the in-vivo state, particularly in the microcirculation, where large-scale fluid and electrolyte exchanges are known to occur. What may be deduced from this study, however, is that blood viscosity, haematocrit or plasma protein values, even for comparative purposes, can be obtained from any one of numerous large vessels of the systemic or pulmonary circulations, interchanging the site of sampling if necessary, during open heart surgery.
